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BRIEF ABSTRACT
Two 84-day grazing trials were conducted (Aug 24 – Nov 17, 2006;
Jun 14 - Sept 7, 2007) near Spring Hill, TN to determine the efficacy of EndoFighter (R), an ADM Alliance Nutrition, Inc. product designed to be fed to cattle
grazing or fed endophyte-infected fescue or hay and Prototype, an improved
version of Endo-Fighter (R). Tall fescue pastures with >90% of pasture exhibiting
infestation (E+), thus producing high concentration of ergot alkaloids in the grass,
were grazed.
In 2006 sixty weaned crossbred heifers (325 ± 17 kg) (2007, steers, 267 ±
18 kg) were used in a randomized block design (2007, CRD), blocked by
previous treatment and randomly allotted to pastures with four animals per 1.2-ha
paddocks and five replications per treatment. Treatments were ADM Alliance
Nutrition, Inc. mineral products: 1) Mastergain (R) mineral = Control; 2) EndoFighter (R) mineral; 3) Prototype mineral. Animals had free choice access to E+
grass, water and shade.
Heifers were weighed on d 0, 1, 28, 56, 83, and 84 (2006) and on d 0, 1,
22, 43, 64, and 85 (2007). In 2006 data collected were initial, d 28, d 56, and final
weights, and ADG. In 2007 data collected were initial, d 22, d 43, d 64, and final
weights, and ADG for each period. Blood serum was collected at each weigh
date for prolactin analysis. Mineral consumption and animal grazing behavior
were determined at 14-d intervals. Data were analyzed using the MIXED
procedure of SAS. For all variables, contrasts were performed to compare
Control to mineral supplements containing Endo-Fighter (R) or Prototype.
iv

In 2006 total ADG (kg) and average daily mineral consumption (g) were:
0.61, 170*; 0.56, 122*; 0.50, 146; for Control, Endo-Fighter (R) and Prototype,
respectively (*P < .09). In 2007 data were 0.61, 134; 0.57, 147; 0.56, 116; for
Control, Endo-Fighter (R), and Prototype, respectively. For both years, serum
prolactin was not different (P > 0.05) among treatments. Animal performance
and prolactin levels were not significantly affected by the feeding of Endo-Fighter
(R) or Prototype in these trials. However, lack of response to Endo-Fighter (R)
and Prototype in 2006 may have been attributed to mild weather conditions. In
2007 lack of response may have been a result of extreme heat and drought
conditions.
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FULL ABSTRACT
Two 84 d grazing trials were conducted (Trial 1: Aug 24 – Nov 17,2006;
Trial 2: Jun 14 – Sept 7, 2007) near Spring Hill, TN to determine the efficacy of
EndoFighter®, an ADM Alliance Nutrition, Inc. product designed to be fed to
cattle grazing or fed endophyte-infected fescue or hay and Prototype, an
improved version of Endo-Fighter (R). Jesup tall fescue pastures with >90% of
pasture exhibiting infestation (E+) was grazed. In Trial 1, sixty weaned crossbred
heifers (325 ± 17 kg) were used in a randomized block design, blocked by
previous treatment and randomly allotted to pastures with four animals per 1.2-ha
paddocks and five replications per treatment. Trial 2 used 60 steers (267 ± 18 kg)
in a completely randomized design. Animals were randomly allotted to pastures
with four animals per 1.2-ha paddocks and five replications per treatment as in
Trial 1.
Treatments were ADM Alliance Nutrition, Inc mineral products: 1)
Mastergain® mineral = Control; 2) Endo-Fighter® mineral; 3) Prototype mineral.
Animals had free choice access to E+ grass and hay, water and shade. Trial 1
animals were weighed on d 0, 1, 28, 56, 83, and 84. Trial 2 animals were
weighed on d 0, 1, 22, 43, 64, and 85. For both trials initial and final weights were
an average of the two beginning and ending weights, respectively. Trial 1 data
collected were initial, d 28, d 56, and final weights, and ADG (period 1 = d 1 to
28; period 2 = d 29 to 56; period 3 = d 57 to 84; total = d 1 to 84). Trial 2 data
collected were initial, d 22, d 43, d 64, and final weights, and ADG for each
period (period 1 – d 1 to 21; period 2 = d 22 – 42; period 3 = 43 – 63; period 4 =
vi

64 – 84; total = d 1 to 84. In both trials blood serum was collected at each weigh
date for prolactin analysis; and body condition score (BCS) and hair coat score
(HCS) were recorded at each weigh date by trained evaluators. Mineral
consumption and animal grazing behavior were determined at 14-d intervals.
Animal behavior was monitored on the recording d at 900, 1230, and 1500 h in
Trial 1; and 700, 1230, and 1500 h in Trial 2. Behavior scores were LS (lying,
shade); SS (standing, shade); M (mineral feeder); H (hay feeder); G (grazing);
and W (water). Data were analyzed using the MIXED procedure of SAS. For all
variables, contrasts were performed to compare Control to mineral supplements
containing Endo-Fighter® or Prototype. Behavior data were analyzed using
PROC FREQ of SAS.
Trial 1 total ADG (kg) and average daily mineral consumption (g) were:
0.61, 170*; 0.56, 122*; 0.50, 146; for Control, Endo-Fighter® and Prototype,
respectively (*P < .09). Trial 2 data were 0.61, 134; 0.57, 147; 0.56, 116; for
Control, Endo-Fighter®, and Prototype, respectively (P > 0.05). For both trials,
serum prolactin, body condition score, and hair coat score were not different (P >
0.05) among treatments, but in Trial 2 serum prolactin differed by time.

Trial 2

serum prolactin were 18.97b, 45.14a, 7.57c, 4.42c; for d 21, d 42, d 64, and d 84,
respectively (means with no common letter differ, P < 0.05). Trial 1 behavior,
performance, and prolactin levels were not significantly affected by the feeding of
Endo-Fighter® or Prototype. Trial 2 performance and prolactin levels were not
significantly affected, but behavior was significantly different (P < .05) with most
contribution to Chi Square from time of water intake. Control animals were
vii

observed drinking at 1230 h and Endo-Fighter® animals were observed drinking
at 700 h.
The two trials were conducted in very different climatic periods. Trial 1
was conducted during mild weather conditions in which animals may have not
have experienced significant heat stress. Trial 2 was conducted during extreme
heat and drought conditions with limited forage intake, and it is questionable that
animals reached ad libitum intake. Due to the mild weather conditions of Trial 1,
the extreme heat stress and questionable ad libitum intake during Trial 2 with the
interesting behavior observation and trend in serum prolactin at d 21 and 42
observed in Trial 2, further study may be warranted.
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CHAPTER I
INTRODUCTION
Tall fescue (Lolium arundinaceum) covers approximately 15 million
hectares in the United States. It has been estimated that 95 percent of tall
fescue pastures are infected with an endophyte fungus, Neotyphodium
coenophialum, which produces alkaloids (Shelby and Dalrymple, 1987). These
alkaloids are causative agents in “tall fescue toxicosis,” a serious production
challenge to the beef industry and estimated to result in $609 million in lost
production annually (Hoveland, 1993).
Tall fescue toxicosis results in decreased dry matter intake (DMI), average
daily gains, reproduction, birth weights, and milk production. Signs of tall fescue
toxicosis include elevated body temperature and a reduced ability to tolerate high
ambient temperatures, excessive salivation, increased respiration rate, rough
hair coats, and reduced serum prolactin (Bond et al., 1984; Hemken et al., 1981;
Howard et al., 1992; Hurley et al., 1980; Strickland et al., 1993; Stuedemann et
al., 1985).
ADM Alliance Nutrition has formulated a mineral supplement, EndoFighter®, designed to alleviate tall fescue toxicosis in cattle grazing tall fescue.
Much anecdotal information has circulated concerning increased grazing
behavior and improved average daily gains.
The purpose of the study was to determine the efficacy of Endo-Fighter®
in alleviating tall fescue toxicosis during early fall and summer months in stocker
cattle. Prototype, a “new and improved” Endo-Fighter®, was also investigated.
1

Two trials were conducted; Trial 1 took place August 24 – November 17, 2006,
and Trial 2 from June 14 – September 7, 2007. Sixty crossbred heifers (325 ± 17
kg) were used in Trial 1, and 60 crossbred steers (266 ± 18 kg) were used in
Trial 2.

2

CHAPTER II
LITERATURE REVIEW
Tall fescue (Festuca arundinaceum) is the predominant forage of the midSouth transition zone, covering approximately 15 million hectares in the U.S.
(Strickland et al., 1993). Discovered on a Kentucky farm in the 1930s, it was
released in 1942 as „Kentucky 31‟ and rapidly grew in popularity in a region in
desperate need of a permanent quality forage base (Bacon, 1995). Its quick
growth to predominance was due to its climate adaptability, ease of
establishment, resistance to pests, and ability to persist under most grazing
pressure and in drought situations. Additionally, the forage had a more than
adequate nutrient profile for grazing livestock. Kentucky 31 is the most widely
adapted forage available in the transition zone which encompasses Tennessee,
Kentucky, West Virginia, east to the Virginia Piedmont and western North and
South Carolina, west to Arkansas and Missouri, and south to Northern
Mississippi, Alabama, and Georgia (Thompson et al., 1993).
However, animals grazing tall fescue did not perform as one might expect
when grazing a forage of the nutrient profile of tall fescue (Steen et al., 1979). By
1948 deleterious effects were being reported with cattle grazing tall fescue
(Cunningham, 1948). Documentation of production difficulties became common
and the forage developed a reputation for poor animal performance
(Stuedemann and Hoveland, 1988). The poor animal performance has been
described in three conditions known as fescue foot, fat necrosis, and tall fescue
toxicosis (also known as summer slump). Tall fescue toxicosis, a collection of
3

reduced productive effects, is estimated to inflict an annual negative economic
impact greater than $609 million for beef cattle in decreased reproductive
performance and calf weaning weights (Hoveland, 1993). Additionally, once
placed in the feedlot, cattle that grazed tall fescue are unable to gain rapidly
enough to catch counterparts that have not grazed the forage (Duckett et al.,
2001,2002; Lusby et al., 1988).
The Endophyte
The key to the desirable agronomic performance of tall fescue (Festuca
arundinaceum) is found in its symbiotic relationship with an endophyte fungus. In
1977 an endophyte associated with tall fescue was identified as Epichloe typhina
(Bacon et al., 1977; Glenn et al., 1996). By 1982, Morgan-Jones and Gams
(1982) identified the fungus as Acremonium coenophialum; and finally Glenn and
coworkers reclassified it as Neotyphodium coenophialum (Glenn et al., 1996). It
is estimated that 95% of tall fescue pastures in the USA are infected with the
endophyte (Shelby and Dalrymple, 1987), and these pastures are referred to as
toxic tall fescue, or E+ tall fescue pastures.
The endophyte is of the family Clavicipitaceae and is located throughout
the plant between cells, in the ovules, and seed although the greatest
concentration is located at and about the crown meristem (Schardl and Phillips,
1997). It is asexual and can only spread by infected seeds of the host plant
(Schardl and Phillips, 1997). During vegetative periods, the fungus is primarily
located in meristem tissue of shoot apexes, leaf sheath storage tissues, and
plant crowns (Bacon and Siegel, 1988) but as plants approach reproductive
4

stages, the endophyte is most concentrated in side branches of flower heads
where it infiltrates ovary and ovule tissues (Bacon and Siegel, 1988).
Secondary Metabolites
The endophyte cannot survive apart from the host (Malinowski and
Belesky, 2000), and in turn N. coenophialum aids its host by producing toxic
secondary metabolites that protect against insect and herbivore attack (Schardl
and Phillips, 1997). Host benefits include improved germination, tillering, root
growth and drought tolerance (Arechavaleta et al., 1992). Research involving
secondary metabolites produced in other forage species has provided insight into
plant benefits provided by the metabolites. Research with annual ryegrass
(Lolium multiflorum) and alfalfa (medicago sativa) has suggested that N-acetyl
loline, one of the secondary metabolites found in the plant, was responsible for
the allelopathy exhibited by those plants (Petroski et al., 1990). Additionally,
protection against particular nematodes and fungal pathogens provided by an
endophyte presence has been described (Gwinn and Gavin, 1992; Kimmons et
al., 1990).
Secondary metabolites or alkaloids associated with tall fescue are
categorized into three classes: 1) the pyrrolizidines (otherwise known as the
“lolines”); 2) ergot alkaloids; and 3) the pyrrolopyrazines of which peramine is the
only isolated compound (Bush et al., 1997).
Pyrrolizidines (Lolines) and Pyrrolopyrazines
Lolines are powerful insecticides and have been indicated as possible
agents in vasoconstriction (Oliver et al., 1990; Strickland et al., 1996). N–acetyl
5

loline, N-formyl loline, loline, N-acetylnorloloine, and N-methylloline are
members of this group (Porter, 1995b). Lolines are produced either by the plant
in response to the endophyte or as a shared response of plant and endophyte to
herbivorous attack (Porter, 1995a). Peramine, a pyrrolopyrazine, is primarily
associated with insect deterrence (Bacon, 1995; Bush et al., 1997).
Ergot Alkaloids
Ergot alkaloids are characterized as compounds with an ergolene ring
(Bush et al., 1997). This ring is also the core for lysergic acid, an intermediate
produced as ergot alkaloids such as ergovaline, ergocryptine, ergotamine, and
ergonovine are degraded (De Lorme et al., 2007; Merrill et al., 2007). The three
major classes of ergot alkaloids isolated from N. coenophialum-infected tall
fescue are the ergopeptines, clavines, and simple lysergic acid amides (Porter,
1995b). Ergovaline is the most prevalent form of the ergopeptine class
(Rottinghaus et al., 1993; Yates et al., 1985; Yates and Powell, 1988) and has
been implicated in tall fescue toxicosis (Bush et al., 1997; Paterson et al., 1995;
Strickland et al., 1993). Ergovaline intake is commonly used in estimating
toxicosis because it is generally considered as the primary inducer of tall fescue
toxicosis (Peters et al., 1992). When cattle are heat stressed, ergovaline
concentrations as low as 50 ppb are the threshold to produce tall fescue toxicosis
(Cornell, 1990). Ergovaline dietary levels of 400 to 750 ppb to cattle and 500 to
800 ppb to sheep are sufficient to cause fescue foot (Tor-Agbidye et al., 2001).
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Alkaloid Accumulation
Rate of synthesis and concentration of the ergot alkaloids are dependent
upon soil nitrogen levels, availability of soil nitrogen, and available non-structural
carbohydrate stores in the host plant (Belesky et al., 1988). Arechavaleta and
coworkers (1992) reported that total ergopeptide concentration increased with
increasing fertilization rate but that the rate of increase was dependent upon the
source. At low rates of fertilization (3.4 mg N/pot), NO3- application resulted in
more ergot alkaloids than did NH4+ application. At high rates of fertilization, both
NH4+ and NO3- increased ergopeptide concentration although at differing rates
(Arechavaleta et al., 1992). Drought conditions generally increase ergopeptide
concentrations (Gwinn and Gavin, 1992).
Ergot alkaloids are most highly concentrated in the seed and then in the
crowns and basal leaf sheaths (Rottinghaus et al., 1991; Tor-Agbidye et al.,
2001). Due to accumulation in seed, ergot alkaloid concentration is highest
during reproductive stages of plant life (when seed is present). In tall fescue
pastures, this stage is usually in late spring and to a lesser extent in the fall.
Among leaf blades, older leaves have the lowest concentrations and younger
leaves (two to four weeks of age) have the greatest alkaloid concentrations along
with yield (Belesky and Hill, 1996). Although alkaloid concentrations are highest
in early spring during the reproductive phase, signs of tall fescue toxicosis do not
appear until ambient temperatures are high during late spring and summer. This
endophyte/temperature interaction has been described as a process in which
endophyte metabolites physiologically “prime” the animal for toxicosis which is
7

only manifested when environmental temperatures reach the threshold
temperature of 31 - 32ºC (Aldrich et al., 1993, Hemken et al., 1981).
Alkaloid Mode of Action
Ergot alkaloids act in a similar manner to catecholamines such as
dopamine, epinephrine, and norepinephrine. These catecholamines perform key
homeostatic roles in metabolic pathways such as glycogenolysis, lipolysis, and
contraction and relaxation of smooth muscles in various organs. The
catecholamines interact with alpha-2 adrenergic , serotonergic-2, and
dopaminergic-2 receptors.
The role and interrelationships of the various receptors are complex, and
ergot alkaloid action at these receptors can cause metabolic changes by altering
homeostatic mechanisms in livestock (Strickland et al., 1993). Alpha-2
adrenergic receptors alone have activation roles which include acceleration of
Na+/H+ exchange which in turn activates phospholipase A2, commencing the
arachidonate pathway; activation of K+ channels which may in turn cause
hyperpolarization and suppression of neuronal firing; and inhibition of adenylate
cyclase and calcium channels (Oliver, 1997). The receptors are also activation
sites for vasoconstriction in veins (Oliver, 1997).
Serotonin-2 receptors which are G protein-coupled receptors (guanine
nucleotide-binding), are linked to phospholipase C (which generates two second
messengers), diacylglycerol (protein kinase C activator), and inositol triphosphate
(releaser of intracellular calcium ions) (Oliver, 1997). These receptors exist
throughout the central nervous system, in the gastrointestinal tract, and in blood
8

vessels (Oliver, 1997).
The five dopamine receptors are also G protein-coupled receptors.
Dopamine-1 and D5 receptors instigate intracellular c-AMP and begin
phosphatidyl inositol hydrolysis. Reducers of c-AMP production, D2, D3, and D4
receptors also regulate calcium and potassium flow (Oliver, 1997).
Chronic changes have been observed in both alpha-2 adrenergic and
serotonergic-2 receptors of cattle grazing tall fescue (Oliver et al., 1996; Oliver et
al., 1994), but mechanistic understanding of these effects is not complete. It is
known that alpha-2 adrenoceptor agonist drugs, when administered, have
caused respiratory difficulty in sheep and cattle (Eisenach, 1988; Gustin et al.,
1989). The resultant hypoxemia may be a result of pulmonary microembolism
and platelet aggregation (Eisenach, 1988; Nolan and Callingham, 1990;
Papazoglou et al., 1994). Platelets produce thromboxane, and thromboxane
levels were high in steers grazing tall E+ tall fescue (Oliver, 1997; Oliver et al.,
1996). Administration of one such alpha-2 adrenoceptor agonist, xylazine,
resulted in a significant increase of plasma thromboxane (produced by platelets),
and respiratory rate decrease in goats (Oliver, 1997). Cholinergic-induced
stimulation of the vagus nerve results in increased enzyme output (Reece, 2004).
Papazoglou and coworkers (1994) reported central alpha-2 adrenoreceptor
activation resulting in vagal stimulation when xylazine was administered. This
adrenoreceptor activation and resulting vagal stimulation may be an explanation
for the increased salivation often observed with tall fescue toxicosis (Martin and
Edwards, 1986).
9

Ergotamine has been observed to exhibit a slight effect on alpha-1 and
alpha-2 adrenergic receptors, and ergovaline had a more potent effect upon
serotonin receptors, producing a significant vasoconstrictive effect on isolated
bovine uterine and umbilical arteries (Dyer, 1993; Solomons et al., 1989). Ergot
alkaloids also block serotonin receptors, α-adrenoceptors, and suppress cyclic
AMP production (Larson et al., 1995; Mizinga et al., 1992). Through alpha-2
adrenergic agonist activity, the ergot alkaloid-induced reduction in cyclic AMP
production impacts liver metabolism which in turn may impact glycogenolysis,
gluconeogenesis, amino acid transport, and ureagenesis (Oliver, 1997).
Fescue Foot
Fescue foot was first reported in New Zealand and is a gangrenous
condition in an extremity (most often a foot or tail) which may result in loss of the
extremity due to necrosis (Cunningham, 1948, Hemken et al., 1981). The
vasoconstrictor effect of ergot alkaloids as well as lysergic acid amide is well
documented (Oliver and Abney, 1989; Oliver et al., 1993; Oliver et al., 1990;
Solomons et al., 1989).
Major vasoconstrictor response occurs in veins as compared to arteries,
possibly because veins contain more alpha-2 adrenergic receptors than do
arteries. Lolines produced by the endophyte are insecticidal compounds but also
exhibit vasoconstrictor activity at both alpha-2-adrenergic receptors and
serotonergic-receptor sites; and lysergic acid amide is antagonistic to the
serotonin-2 receptor (Oliver et al., 1993, Oliver et al., 1990).
Vasoconstriction contributes to fescue foot; as cattle and sheep ingest the
10

toxins (the most potent of which appears to be ergovaline), increased
vasoconstriction and decreased heart rates are observed. Colder ambient
temperatures also cause vasoconstriction which compounds the alkaloid effect.
Consequently blood flow to extremities may be reduced to the point of gangrene
and a resulting loss of the extremity (Woods et al., 1966). Tor-Agbidye (2001)
and coworkers reported that toxin concentrations and cold environmental
temperatures are equally important in fescue foot manifestation. Consequently,
the condition is usually associated with grazing in lower ambient temperatures,
typically in the more northern areas of the fescue belt (Hoveland, 1988).
Additionally, significant thickening of the smooth muscle layer in arterioles
of cattle grazing E+ tall fescue has been reported (Williams et al., 1975).
Whether this is a product of hyperplasia or hypertrophy is not clearly understood;
but the result is decreased arteriole luminal diameter which contributes to
reduction in blood flow (less ability to dissipate heat as is observed in tall fescue
toxicosis) and/or consequent tissue death as seen in fescue foot (Strickland et
al., 1996).
Fat Necrosis
Fat necrosis, also referred to as liptomatosis, is described as hard or
necrotic fat masses in the mesentery of the abdominal cavity (Smith et al., 2004;
Wilkinson et al., 1983). These masses may eventually compress both the
gastrointestinal and urinary tracts resulting in digestive and calving difficulties
(Smith et al., 2004). Necrotic fat composition differs from other fat; it contains
more ash and crude protein and contains less ether extractable fraction. In
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addition, the ether extractable fraction contains three to four times more
cholesterol (Rumsey et al., 1979).
When grazing E+ tall fescue pastures, serum cholesterol levels in sheep
and cattle are lowered (Bond et al., 1984; Lipham et al., 1989; Stuedemann et
al., 1985). These low serum cholesterol levels along with high rates of nitrogen
fertilization have been linked to fat necrosis (Stuedemann et al., 1985). Fat
deposits are richer in saturated fatty acids (Townsend et al., 1987) which
indicates a shift in lipid metabolism (Thompson and Stuedemann, 1993).
Alkaloids have been found in fat from harvested animals which suggest
the fat may serve as a storage media for ergot alkaloids (Allen et al., 2001b;
Realini et al., 2005; Schmidt et al., 1982); and this may be a possible explanation
of why tall fescue toxicosis signs continue to be evident in some animals after
removal from contaminated pastures (Lusby et al., 1990). Fat necrosis is most
common when animals graze pure stands of tall fescue under high levels of
nitrogen fertilization (Stuedemann et al., 1985).
Tall Fescue Toxicosis
Tall fescue toxicosis is a widely reported collection of signs which include
excessive salivation, increased respiration rate, rough hair coat, elevated rectal
temperature, intolerance to heat, decreased dry matter intake, decreased weight
gain or weight loss, depressed immune function, and decreased reproduction
and milk production (Howard et al., 1992, Peters et al., 1992, Schmidt et al.,
1982).
Similar to the association of cold ambient temperatures with fescue foot,
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high ambient temperatures have been implicated in association with tall fescue
toxicosis. Threshold temperature for signs of toxicosis has been suggested to be
32ºC (Hemken et al., 1981). Reduced thermoregulatory ability has been reported
in cattle fed an E+ diet of 5 µg/kg of bodyweight (bw)/day, or approximately 200
ppb at 31ºC (Al-Haidary et al., 2001). Spiers and coworkers (1995) tested
temperature-dependent responses of rats to ergovaline levels of 15 ppb at cold
(7 to 9ºC) and hot (31 to 33ºC) temperatures. They concluded that relatively
small shifts in ambient temperature resulted in large changes in response to
ergovaline administration and that E+ intake resulted “in a variety of disorders
that are often dependent on the magnitude of thermal stress” (Spiers et al.,
1995).
Rhodes and coworkers (1991) studied the hemodynamics of sheep and
cattle ingesting low endophyte and high endophyte tall fescue diets. The high
endophyte diet significantly reduced blood flows to both core and peripheral
tissues, thus limiting the animal‟s ability to dissipate body heat and limiting the
animal‟s ability to cope with higher ambient temperatures (Rhodes et al., 1991).
In times of heat stress behavior is thus impacted; Seman and coworkers (1997)
concluded that steers grazing endophyte-infected tall fescue grazed less time
and also spent more time standing (in an effort to dissipate heat) than did steers
grazing endophyte-free (E-) tall fescue. They also concluded that grazing E+ tall
fescue further compounds the vasoconstrictor response of animals (Aiken et al.,
2007).
Grazing tall fescue has also been associated with impaired immune
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function, and clinical signs of reduced immune function resemble signs of copper
deficiency in ruminants (Saker et al., 1998). The rough, bronzed off-color hair
coat commonly seen with tall fescue toxicosis is also a symptom of copper
deficiency. Copper concentrations in E+ tall fescue are reduced compared to Etall fescue (Dennis et al., 1998). Although the reduction is slight, the reduced
dry matter intake common with tall fescue toxicosis more than likely increases
the deficiency (Dennis et al., 1998). Steers grazing E+ presented lower
phagocytic activity, major histocompatibility complex (MHC) class II expression,
ceruloplasmin, and serum copper than steers grazing E- tall fescue (Saker et al.,
1998). In the same trial, Saker and coworkers supplemented copper which
improved MHC class II expression over nonsupplemented steers, regardless of
grazing treatment (Saker et al., 1998).
Reports of reduced serum prolactin levels and average daily gains in
cattle after consuming endophyte-infected tall fescue are common (Paterson et
al., 1995; Peters et al., 1992; Porter and Thompson, 1992; Strickland et al.,
1993), and low serum prolactin levels are often used to diagnose tall fescue
toxicosis (Bond and Bolt, 1986; Elsasser and Bolt, 1987; Hurley et al., 1980;
Paterson et al., 1995; Porter and Thompson, 1992).
Prolactin, a protein hormone, is secreted by the adenohypophysis. The
hormone is an important anatomical and functional developer of the secretory
epithelium of mammary glands. Dopamine, the primary inhibitor of this process,
is released by the hypothalamus (Troy, 2003). Although inhibited by dopamine,
prolactin secretion is increased by serotonin (5HT), increased photoperiod, and
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elevated environmental temperatures (Shaar and Clemens, 1974; Tucker et al.,
1984; Tucker and Wettemann, 1976). Ergot alkaloids are structurally similar to
and act as dopamine-like compounds by binding to D2 dopamine receptors,
thereby producing second messenger responses much as dopamine would
produce and consequently depressing prolactin levels (Aldrich et al., 1993a;
Elsasser and Bolt, 1987; Hurley et al., 1980; Larson et al., 1995). This reduction
in prolactin synthesis may explain depressed milk production noted with tall
fescue toxicosis and approximately 66% of the reduced calf weaning weights
observed in tall fescue toxicosis (Neville, 1962; Rutledge et al., 1971).
Ergot alkaloids produced by N. coenophialum have been identified as
agents in altering production of several pituitary hormones which are influential in
prolactin secretion (Browning et al., 1997; Porter et al., 1990). These hormones
are also key agents linked to depressed cattle production observed in tall fescue
toxicosis such as average daily gains, temperature regulation, reproduction, and
milk production. Porter and coworkers (1990) reported altered pituitary
dihydroxyphenylacetic acid (a dopamine metabolite), 5-hydroxyindoleacetic acid
(a serotonin metabolite), and 5-hydroxytryptophan (a pineal serotonin precursor),
all of which are influential in prolactin secretion (Porter et al., 1990).
Dopamine antagonists have been studied as possible tall fescue toxicosis
alleviators because of the dopamine-like activity of ergot alkaloids. Haloperidol
was administered to ewes grazing E+ tall fescue with a resulting increase in
prolactin levels. Prolactin levels gradually increased over a period of 4 h and
prolonged the duration of increased prolactin response to TRH (thyrotropin
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releasing hormone) (Elsasser and Bolt, 1987). Metoclopramide is a
pharmacological compound which acts as both a dopaminergic and cholinergic
receptor. An experiment was conducted in which steers were orally administered
metoclopramide (15 mg/kg BW) in capsule form on Monday, Wednesday, and
Friday for ten weeks (Lipham et al., 1989). The steers grazed two endophyte
levels of tall fescue and two levels of nitrogen fertilization. Serum prolactin and
cholesterol levels were increased, and average daily gain (ADG) increased.
Animals at both levels of E+ tall fescue spent more time grazing, and peripheral
body temperatures decreased after nine weeks of therapy.
Aldrich and coworkers (1993b) conducted two 35-d experiments using
daily administration of metoclopramide to wether lambs consuming E+ tall
fescue. In experiment 1, wether lambs were administered 15 mg/kg BW via
ruminal cannulas. Experiment 2 administered 20 mg/kg through oral means. Dry
matter intake was increased, but serum prolactin levels were not improved. Skin
vaporization (related to heat dissipation ability) actually decreased. They
concluded that resulting increased voluntary feed intake and unaffected body
temperature suggested a “dual mechanism of action for ergovaline in tall fescue
toxicosis” (Aldrich et al., 1993b).
In two experiments, another dopamine antagonist, piquindone, was
administered to steers fed E+ seed (Samford-Grigsby et al., 1997).
Administration was via subcutaneous injection. In both experiments, serum
prolactin levels increased. However, only one of the experiments reported
increased skin temperatures which suggest improvement in peripheral blood
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flow. This finding suggests the possibility of alkaloid activity at multiple receptor
sites (Samford-Grigsby et al., 1997).
In addition to depressed prolactin levels and reduced ability to dissipate
heat already discussed, it is also suspected that the receptor/ergot alkaloid, loline
or lysergic acid amide interactions may also be the cause of the respiratory
distress and excessive salivation that is often exhibited in tall fescue toxicosis
(Doherty et al., 1986; Eisenach, 1988; Gustin et al., 1989; Kerley et al., 1994;
Larson et al., 1993; Martin and Edwards, 1986; Oliver, 1997; Papazoglou et al.,
1993; Sanders-Bush and Mayer, 1996).
Reduced rates of gain and body weight losses frequently observed as a
sign of tall fescue toxicosis cannot be explained simply by the reduced dry matter
intake often reported. Rates of gain were reduced compared to other forages
even when dry matter intakes were the same (Peters et al., 1992). Zanzalari and
coworkers (1989) hypothesized that dietary alkaloids induce the hepatic mixedfunction oxidase and cytochrome P-450 system. As system activity increases,
reactive oxygen metabolites may accumulate which results in oxidative stress.
When cimetidine (a histamine H2 receptor antagonist and cytochrome P-450
inhibitor) was administered, elevated respiration rates and rectal temperatures
common with tall fescue toxicosis were alleviated (Zanzalari et al., 1989). These
results indicated that the increased rectal temperatures and respiration rates
(indicators of heat stress) were related to the increased activity of this system
and that the increased activity of the system contributed to the difficulty in
tolerating high ambient temperatures often associated with tall fescue toxicosis.
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Additionally, no ATP is formed in this pathway (which does not combine
phosphorylation with oxidation); and energy used to drive the system is
dissipated in the form of heat. Thus, loss of energy efficiency could result in
reduced rates of gain or possibly body weight loss.
An additional hypothesis for reduced rate of gain is the activity of
ergovaline, acting in a manner similar to dopamine, in the reticulorumen.
Frequency and duration of reticulorumen contractions and the associated
pressure changes influence particulate flow, and reduced particulate flow results
in reduced production performance (Jones et al., 2003). Administration of the
ergopeptides (ergovaline and ergotamine) resulted in immediate inhibition of
cyclical A and B sequences of reticulorumen contraction followed by excitatory
baseline tonus of the rumen and reticulum in sheep (McLeay and Smith, 2006).
Sorraing and coworkers (1984) reported dopamine activity in reducing amplitude
and frequency of forestomach contractions. McLeay and Smith (2006)
hypothesized that ergopeptides disrupted digestive processes of animals grazing
E+ pastures.
Jones and coworkers (2003) administered domperidone to heifers
consuming E+ tall fescue diets. Domperidone restored weight gains to the level
of E+ tall fescue performance, and they hypothesized that domperidone
administration antagonized the dopaminergic-like activity of ergot alkaloids.
Domperidone has also been studied in experiments with gravid mares. The
effects of grazing E+ tall fescue on gravid mares include reduced serum prolactin
and progesterone, lengthened gestation periods, tough, thickened placentas, and
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weak foals (Cross et al., 1995). Cross and coworkers (1995) reported that
domperidone administered to gravid mares grazing E+ tall fescue increased
serum prolactin and progesterone and seemed to provide a “nearly complete
recovery” without any side effects.
Reduced reproductive rates are commonly experienced with cattle grazing
tall fescue pastures infected with N. coenophialum. The typical calving
percentage on E+ tall fescue pastures is about 74%, but with good management,
a calving rate of 90% is achievable on E- pastures (Hoveland, 1993). Lowered
plasma luteinizing hormone (LH) levels and increased prostaglandin F2α (PGF2α)
during the late luteal phase of the bovine estrous cycle in cows nursing calves
have been reported when administered injections of ergotamine tartrate and
ergonovine maleate (Browning et al., 1998). Browning and coworkers (1998)
hypothesized that reduced LH and increased PGF2α could result in lower
reproductive rates due to interference with luteal function and maintenance of
pregnancy. This disruption may explain much of the decreased reproduction
commonly associated with tall fescue toxicosis
Additionally, bulls grazing E+ tall fescue may have compromised
reproductive performance. An in vitro study found that bulls grazing E+ exhibited
decreased sperm cleavage rates compared with semen from bulls grazing nonergovaline-producing tall fescue (Schuenemann et al., 2005). They hypothesized
that although gross sperm morphology and motility appeared normal, possible
previously undetected damage to sperm components was occurring as a result of
E+ tall fescue intake.
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Pasture Management Strategies
There are a variety of strategies to consider in managing cattle operations
to reduce tall fescue toxicosis. One approach is pasture management to limit
alkaloid ingestion by livestock. Other approaches are to eliminate the endophyte
(E-), use novel (non-toxic endophytes), dilute the endophyte presence, and
various pasture treatments. Discussion of these alternatives follows.
Perhaps the simplest method is managing existing E+ pastures to
minimize livestock alkaloid intake. Alkaloid intake and heat stress are necessary
for tall fescue toxicosis to occur; consequently, strategies to minimize alkaloid
intake, particularly during periods of heat stress (summer months) should be
helpful. Alkaloid levels are highest during forage reproductive stages and tend
to be concentrated in the seed head. Pastures should be clipped to remove
seedheads or cattle should be rotated off E+ tall fescue before that stage is
reached. Moving cattle to non-toxic pastures during summer months when cattle
are more likely to experience heat stress is also helpful. This strategy prevents
the high temperature interaction with E+ fescue and has provided important
increased gains (Aldrich et al., 1990).
Increased grazing pressure also reduces seed head formation,
consequently decreases alkaloid consumption, and may increase ADG. Average
daily gain increased or remained the same at three increased stocking rates on
E+ pastures (Bransby et al., 1988). Average daily gain on E- pastures at the
same stocking rates was decreased. Increased grazing pressure increases
defoliation and diminishes alkaloid synthesis by altering the energy and nitrogen
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status of the plant which influences ergot alkaloid production (Belesky and Hill,
1996). However, pastures should not be grazed too short. Because of alkaloid
accumulation in crowns and basal leaf sheaths, grazing short pastures may
increase toxin intake due to consumption of basal leaf sheaths and tissue around
the crown (Tor-Agbidye et al., 2001).
Another logical strategy in managing or alleviating tall fescue toxicosis is
removal of the endophyte to produce endophyte-free (E-) tall fescue plants.
Endophyte-free tall fescue provided excellent animal performance; however,
removal of the endophyte has its costs in the form of reduced persistence,
drought tolerance, and reduced ability to withstand grazing pressure. The E- tall
fescue, without the benefits provided by the endophyte, simply did not persist
(Gunter and Beck, 2004). Also, reinfestation of E- pastures with E+ tall fescue
plants is possible if any E+ seed remained in the pasture during renovation or reenters the pasture (Tracy and Renne, 2005).
Removal of the endophyte enhanced animal performance and caused a
decline in forage persistence. In an effort to enhance animal performance and
forage performance, nonergot alkaloid-producing endophytes have been inserted
into tall fescue cultivars. The process provides the host plant with the advantages
associated with the endophyte without producing the deleterious effects for
herbivores. Nonergot alkaloid producing endophytes, AR542 and AR502 were
incorporated into E- „Jesup‟ and „Georgia-5‟ tall fescue cultivars. In a 3-year
grazing study, lambs grazed AR542 or AR502 „Jesup‟, E- „Jesup‟, E+ „Jesup‟,
and AR542 „Georgia 5‟. Performance of lambs grazing the AR542 and AR502
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pastures did not differ from lambs grazing E- tall fescue and was improved over
E+ tall fescue (Parish et al., 2003a).
In an additional study, stocker cattle grazed AR542 or AR502 „Jesup‟, EJesup‟, E+ „Jesup‟, E+ „Georgia 5‟, and E+ „Kentucky 31‟. Cattle gains on AR542
and AR502 did not differ from E- tall fescue performance and was superior to
performance of stocker cattle grazing E+ (Parish et al., 2003b). Additional
studies comparing novel endophytes with wild toxic endophytes have reported
improved animal performance with the novel endophyte (Burns and Fisher, 2006;
Nihsen et al., 2004; Watson et al., 2004). Both „Jesup‟ and „Georgia-5‟ are
released with AR542 known commercially as MaxQ (Gunter and Beck, 2004).
Even with the economic benefit of improved animal performance on novel
endophyte pastures superior to that on E+ pastures, it has been estimated that
novel endophyte pastures will require 3 to 7 years to become profitable due to
high costs associated with establishment (Gunter and Beck, 2004).
Because of the costly nature of renovating pastures to novel endophyte
pastures, the most common strategy of diminishing toxicity is to dilute the ergot
alkaloids by seeding legumes into an E+ tall fescue pasture (Hoveland et al.,
1999). Improved performance in cattle when clovers were incorporated into Eand E+ pastures has been reported (Waller and Fribourg, 2002). It has been
estimated that 10 to 25% clover incorporated into an E+ stand can partially
alleviate tall fescue toxicosis (Fribourg et al., 1991). In a combined analysis of
tall fescue grazing studies, it was reported that steers grazing low E+ tall fescue
with clover gained 130 g/d more than did steers grazing low E+ tall fescue alone
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(Thompson et al., 1993). However, there were no significant differences
between ADG by steers grazing high E+ tall fescue with and without clovers
during spring. It is possible that once alkaloid intake is very high, the addition of
clovers may not dilute toxin intake enough to reduce tall fescue toxicosis due to
limits of animal DMI. As alkaloid levels increase per g of tall fescue DM, toxin
levels are increased to such a level that a 1:1 substitution of clover for tall fescue
may not provide enough dilution (Thompson et al., 1993). Incorporation of
clovers into E+ tall fescue pastures has proven benefits and although not
completely understood, it is possible that clover provides alternative
carbohydrates and proteins for animal consumption which contribute to the
improved gains (Thompson et al., 1993).
Supplementation Strategies
Cattle production, particularly in cow/calf operations, is a forage-based
production system. Supplements are commonly used in this system to improve
animal performance when nutrients provided by forages are not sufficient to meet
animal nutrient needs for desired performance levels.
The decreased immune response, increased respiration rate, and
elevated rectal temperatures often exhibited with livestock grazing E+ tall fescue
have previously been discussed. Decreased immune response, a possible result
of oxidative stress, may be improved by an uptake in antioxidant defenses (Saker
et al., 2001). Various dietary supplements which contain antioxidants or exhibit
antioxidant activity have been studied.
Tasco-Forage is an extract processed from a brown seaweed
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Ascophyllum nodosum. Tasco-Forage is designed as a pasture treatment, and
Tasco-EX or Tasco-14 are designed as supplements for livestock. The product
mode of action remains unclear, but antioxidants and vitamins are implicated.
Various reports describe Tasco‟s possible usefulness in decreasing certain tall
fescue toxicosis signs (Allen et al., 2001a; Fike et al., 2001; Saker et al., 2001).
Applications of Tasco-Forage to infected fescue have improved immune function
status in steers, but with opposite results in steers grazing low-endophyte
infected tall fescue (Allen et al., 2001b). Antioxidant supplementation may have
beneficial effects, but caution is necessary due to possible undesirable
antioxidant effects (Allen et al., 2001b).
Selenium and dietary vitamin E are known antioxidants and, when
administered to dairy cattle, have reduced reproductive disorders (Harrison et al.,
1984; Smith et al., 1984). In a two year study, Vitamin E supplementation had no
effect on signs tall fescue toxicosis (Jackson et al., 1984).
As previously discussed, alkaloids are the known causative agents of tall
fescue toxicosis. It has been hypothesized that molecules with absorptive
qualities may absorb alkaloids in the rumen, thus preventing tall fescue toxicosis.
One of those molecules, hydrated sodium calcium aluminosilicate (HSCAS), is a
zeolite-- a crystalline, hydrated aluminosilicate cation. Zeolites exhibit infinite,
three-dimensional structures and are able to “lose and gain water reversibly and
to exchange constituent cations without major change of structure” (Mumpton
and Fishman, 1977). When a zeolite is dehydrated, molecules small enough to
enter the entry channels which once held water are readily absorbed. Zeolites
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are known to bind aflatoxins in swine diets (Mumpton and Fishman, 1977), and it
has been hypothesized that zeolites might perform a similar function in the rumen
with alkaloid toxins. In an in vitro study, Samford and coworkers (1993)
compared aluminosilicates in water and autoclaved ruminal fluid to determine
binding ability. Some aluminosilicates were found to bind ergotamine in both
water and autoclaved ruminal fluid, but they observed no improvement in animal
performance when HSCAS was fed to steers grazing tall fescue (Samford et al.,
1993). Additional work found that supplementing diets with HSCAS made no
difference in animal performance and reduced apparent absorption of Mn, Zn,
and Mg (Chestnut et al., 1992).
Beta glucans are components of the cell wall, or acid detergent
fiber (ADF). Mannan oligosaccharides (MOS) are a portion of cell contents, or
nitrogen-free component (NFC). Both beta glucans and MOS have been used in
swine diets with resulting improved growth. One possible mode of action of
molecules is the binding to bacterial cell walls, thereby rendering bacteria
harmless by preventing attachment to intestinal epithelial cells (Spring et al.,
2000). Glucomannan, a yeast-derived cell wall preparation, has been developed
with that purpose in mind. Yeast cell wall (YCW) has increased serum prolactin
levels and increased milk production linearly as YCW increased (Merrill et al.,
2007). However, another study observed no difference among treatments as a
result of glucomannan supplementation (Mills et al., 2006).
Energy and protein supplementation have been useful tactics in
combating poor gains associated with the endophyte (Driskill et al., 2007;
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Elizalde et al., 1998; Forcherio et al., 1995; Poore et al., 2006). Although the
toxicosis is not alleviated, extra energy and protein may help to compensate.
The enhanced performance provided by ionophores in ruminant diets is well
documented (Bauer et al., 1995; Beharka and Nagaraja, 1993; Caton et al.,
1993; Galyean et al., 1992; Gomez-Alarcon et al., 1991; Spires et al., 1990).
Although supplementation of the probiotic Aspergillus oryzae fermentation extract
or ionophore laidlomycin propionate provided benefits, response was the same
on both infected and uninfected hay diets (Humphry et al., 2002).
Summary and Statement of Objectives
Many strategies have been tested as means to alleviate livestock
production problems associated with grazing E+ tall fescue. Although some
strategies have resulted in improvements in particular signs of the toxicosis, no
one strategy has exhibited both consistency and effectiveness in eliminating
signs associated with tall fescue toxicosis. Lack of progress in solving the
problems associated with tall fescue toxicosis is probably linked to our
understanding of alkaloid(s) mode of action within the plant and the grazing
animal.
Recently ADM Alliance Nutrition, Inc. has designed a product (EndoFighter®) to alleviate multiple signs associated with tall fescue toxicosis. This
product is designed to be fed as a component of a mineral supplement to be fed
to cattle grazing E+ pastures. The advertised benefits of the product include
“four complementary functions”: 1) “believed to have positive effect on
combating toxins”; 2) “helps dissipate heat”; 3) “supports proper rumen function”;
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and 4) “provides immune system support” (ADM, 2007).
Beef producers in the transition zone are faced with the decision of
implementing this supplementation strategy to reduce the severity of tall fescue
toxicosis. Research-based, rather than anecdotal, information is needed by
these producers prior to investing in this new strategy.
The objective of this study was to determine the efficacy of Endo-Fighter®
for stocker cattle grazing endophyte-infected tall fescue pastures during summer
and early fall.
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CHAPTER III
MATERIALS AND METHODS
General Procedures
Two 84-d grazing trials were conducted (August 24-November 17, 2006,
Trial 1; and June 14-September 7, 2007, Trial 2) at the Middle Tennessee
Research and Education Center located near Spring Hill, Tennessee. The
purpose of the trials was to determine the efficacy of Endo-Fighter®, an ADM
Alliance Nutrition, Inc. product designed to be fed to cattle grazing or fed
endophyte-infected tall fescue hay. Treatments for both trials were ADM Alliance
Nutrition, Inc. mineral products: 1) Mastergain® mineral as Control, 2) EndoFighter® mineral, and 3) Prototype mineral (a proposed improvement of EndoFighter®). During both trials, animals had free choice access to E+ grass, E+
hay, mineral, water, and shade.
Animals
In Trial 1, 60 crossbred heifers (Charolais and Simmental x Angus) were
used. Heifer mean initial weight was 325 ± 17 kg. The heifers were used in a
previous study on tall fescue which ended in late June 2006. The heifers grazed
E+ tall fescue pastures until beginning Trial 1. Trial 2 used 60 crossbred steers
(Angus and Angus x Hereford) with a mean initial weight of 267 ± 18 kg.
Originating from E+ pastures, after purchase the steers were placed in a
receiving lot for four to six weeks before allotment to treatment. All animal care
was according to UT-ACUC Protocol No. 1437 approved on February 21, 2006
by the Institutional Animal Care and Use Committee.
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Experimental Design and Statistical Analysis
In Trial 1, 60 crossbred heifers were used in a randomized block design
with five replications per treatment, blocked by previous treatment, and randomly
allotted to paddocks with four heifers per 1.2 ha paddock. Although sufficient
time had elapsed since their use in a previous study that no carryover effects
were expected, heifers were blocked based on previous treatment to insure no
bias. In Trial 2, 60 crossbred steers were used in a completely randomized
design with five replications per treatment. This trial also had four steers per
paddock with five replications per treatment. In both trials, data were analyzed
using PROC MIXED, mixed model analysis of SAS (SAS, 9.1, 2002).
Treatments, time, and treatment by time were fixed effects for serum prolactin,
ADG, body condition score (BCS), and hair coat score (HCS). In both years
contrasts were planned to compare MasterGain® (control) to Endo-Fighter® and
Prototype. Behavior data were analyzed by contingency table, using PROC
FREQ of SAS.
Treatments
The treatments were MasterGain® (control), Endo-Fighter®, and
prototype (an improved version of Endo-Fighter®). Two key ingredients in EndoFighter® are hydrated sodium calcium aluminosilicate (HSCAS) and CitriStim®
(a source of mannan oligosaccharides and beta glucans) as shown in Figure B1.
All figures are located in Appendix B.
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Pastures
Jesup tall fescue (N. coenophialum) pastures with greater than 90 %
endophyte infestation were utilized. Prior to the start of both trials, pastures were
clipped to remove seedheads and promote vegetative growth. Pastures were
fertilized March 3, 2006 with 68 kg of N/ha, and March 22, 2007 with 52 kg N/ha
according to soil test.
Data Collection
Forage and Hay Sampling for Availability and Nutrient Analysis
Pastures were clipped (3 strips per pasture, 304.8 cm by 55.88 cm, @ 3.8
cm height, with a rotary mower) to determine forage availability. Pastures were
clipped during Trial 1 on d 2, 30, 58, and 86. In Trial 2, pastures were clipped on
days 0, 28, 56, and 84. In both trials E+ hay (about 550 kg), harvested the
previous spring from the experimental pastures, was placed in paddocks to
assure forage availability. As bales were placed in hay rings in each pasture,
samples were taken using a Penn State hay sampling probe. Pasture clipped
samples and hay samples were immediately frozen at -20ºC until nutrient
analysis.
Ergovaline
In both trials random forage samples were taken from each paddock for
ergovaline analysis at trial initiation, approximately halfway through the trial, and
at the trial conclusion. Samples were taken approximately every 3 m while
following a diagonal pattern across a pasture. Plants were clipped about 3-4 cm
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above the ground and placed in an 18 L bucket. Total plants collected were
clipped into 2.5 to 3.8 cm segments, mixed, and sub sampled to provide a
composite sample from each paddock. The composite sample was then frozen
prior to shipment for analysis.
The random forage and hay samples taken for ergovaline analysis were
shipped while frozen to the Veterinary Medicine Diagnostic Laboratory in
Columbia, Missouri. Samples were first freeze-dried and then ground to pass a
1-mm screen in a cyclone-type grinder and then stored at -5ºC. Dr. George
Rottinghaus performed ergovaline analysis using the HPLC (high-performance
liquid chromatography) method (Rottinghaus et al., 1991).
Temperature
Daily temperature information was obtained from a NOAA National
Climatic Data Center station located in Columbia, Tennessee located near the
experiment location. In addition, relative humidity and dry bulb temperature data
were obtained from the nearest recording location, the Nashville, Tennessee,
airport, approximately 35 miles away. Relative humidity and dry bulb
temperature data were used to calculate Livestock Comfort Index (NOAA, 1976).
Mineral Intake and Behavior
Mineral consumption was measured at 14-d intervals, and animal grazing
behavior was monitored and recorded at 14-d intervals. Animal behavior was
monitored on the recording d at 900, 1230, and 1500 h in Trial 1; and 700, 1230,
and 1500 h in Trial 2. Behavior scores were LS (lying, shade); L (lying in
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pasture); SS (standing, shade); M (mineral feeder); H (hay feeder); G (grazing);
and W (water).
Animal Weights, Body Condition and Hair Scores
In Trial 1, heifers were weighed on d 0, 1, 28, 56, and 84. In Trial 2,
steers were weighed on d 0, 1, 21, 42, 63, and 84. For both trials, initial and final
weights were an average of the two initial and ending weights. Average daily
gain was also calculated for each period in each trial as well as total trial period.
Trial 1 periods were: 1 = d 1 to 28; 2 = d 29 to 56; 3 = d 57 to 84; and total trial =
d 1-84. Trial 2 periods were: 1 = d 1 to 21; 2 = d 22 to 42; 3 = d 43 to 63; 4 = d
64 to 84; and total trial = d 1 to 84.
In Trial 1, body condition and hair coat scores (BCS and HCS,
respectively) were assigned by a trained observer on d 1, 28, 56, and 84. In Trial
2, BCS and HCS were assigned on d 1, 21, 42, 63, and 84. In both years the 1
to 9 BCS system that is standard for beef cattle was used with 1 being extremely
emaciated with no palpable fat over spinous processes, 5 being moderate with a
generally good appearance and fat cover over ribs, and 9 being extremely fat
with a blocky appearance (Richards et al., 1986). The HCS system used a 1 to 5
system where 1 = slick, shiny hair with no old hair retention to 5 = muddy, dirty
hair coat with > 50% of body covered with old, unshed hair (Saker et al., 2001).
Prolactin
In Trial 1, 9 mL blood samples for prolactin analysis were collected via
jugular or caudal venipuncture into a Luer Monovette® vacutainer. Trial 1
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collection days were 0, 1, 28, 56, and 84; and Trial 2 collection days were 0, 1,
21, 42, 63, and 84. Following centrifugation, blood serum was removed and
placed in glass vials, frozen, and then transported to the Department of Animal
Science Physiology Laboratory in Knoxville, Tennessee for prolactin
radioimmunoassay analysis (Bolt and Rollins, 1983).
Nutrient Analysis of Forage and Hay Samples
All nutrient analyses were conducted in the Department of Animal Science
Ruminant Nutrition Laboratory in Knoxville, Tennessee. Pasture clip and hay
samples were removed from the freezer and allowed to thaw and equilibrate to
room temperature. After weighing, the samples were then dried at 55ºC for 24
hours, allowed to return to room temperature, weighed, and then ground to pass
through a 1-mm screen of a Wiley mill.
Samples were analyzed utilizing Near Infrared Reflectance Spectroscopy
with the Foss 5000 NIR system. Every major chemical component of a sample
has unique infrared absorption characteristics which can be used to uniquely
identify it from the other components. Near infrared reflectance spectroscopy
measures those differences, compares them to a standard, and then generates
nutrient composition (Marten et al., 1989). The summation of all the absorptive
properties and the sample radiation-scattering properties determine the diffuse
reflectance of the sample. From that data the reflectance is measured at two
wavelengths. One wavelength is the maximum absorption point, and the other is
chosen to be the minimum absorption point for each constituent to be analyzed.
The two reflectance value ratio, measured on different samples, is then
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correlated to the concentration of the specific component in the samples. An
equation is developed from the correlation which will predict the concentration of
the components in samples from their respective reflectance measurements
(Marten et al., 1989).
To prepare for analysis, samples were reground through a 1-mm screen of
the UDY Corporation Cyclone Sample Mill. When the Foss 5000 NIR system
computer was turned on, a routine analysis was performed which utilized the
“check cell” process. Next, the lamp was turned on for 30 min before scanning
samples. Finally individual samples were scanned into the system. After all
samples were scanned, the computer generated a random list of samples on
which to perform laboratory nutrient analysis for dry matter (DM), ash, neutral
detergent fiber (NDF), acid detergent fiber (ADF), and crude protein (CP). Those
samples were the standard by which all other samples would be analyzed. Once
laboratory analysis was completed on the representative samples, the nutrient
analysis results were entered into the NIR system computer which then
generated a regression equation based on the laboratory nutrient analysis
results. The system applied the regression equation to the samples which were
previously scanned and then generated nutrient analysis data.
Dry Matter and Ash
Crucibles were oven dried 24 h (100ºC). Approximately 1 g of each
ground sample (2 replicates/sample) was weighed into a dry crucible and placed
into a drying oven (100ºC) for 24 h. Two blank and two standard (wheat straw)
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samples were also prepared. Crucibles were then removed, placed in
desiccators until equilibrated to room temperature, and then weighed to
determine DM. Crucibles were then placed in a 600ºC oven for approximately 8
h, and then the temperature was lowered to 100ºC until the next morning.
Crucibles were removed, placed in desiccators until equilibrated to room
temperature, and weighed to determine ash.
Neutral Detergent Fiber and Acid Detergent Fiber
Approximately 1 g of each dried and ground pasture clip sample (2
replicates/sample) was weighed into each ANKOM Technology filter bag. Each
bag was sealed. Two blank and two standard (wheat straw) bags were prepared
for each run (the Ankom 200 Fiber Analyzer holds 24 bags which includes two
blanks, two standards, and 20 forage bags). Bags were placed in trays and then
placed in the analyzer. The machine was then filled with neutral detergent
solution, temperature set to 100ºC, agitation turned on, and allowed to run for 75
min. Once complete, the solution was immediately drained and the equipment
refilled with hot water. Heat and agitation was turned on until temperature
reached 92ºC. Then heat was turned off and agitation continued for 5 min. The
machine was drained again and the process repeated twice (for a total of three
rinses). After the final rinse, the machine was drained and bags removed. As
much liquid as possible was removed from bags by applying pressure. Bags
were then soaked in acetone for 5 min to stop any chemical reaction. After five
min, acetone was poured off, as much liquid as possible was removed, and bags
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were left to dry for about 3 h under the hood. After that period, bags were placed
in a 100ºC oven to dry for 24 h. The next morning, samples were removed and
placed in an ANKOM Technology Corporation MoistureStop Weigh Pouch until
equilibrated to room temperature. Bags were then weighed.
After weighing, bags were placed in the ANKOM 200 Fiber Analyzer. Acid
detergent solution was added to the machine, temperature set to 100ºC, and
agitation turned on for a period of 75 min. After the period was complete, the
machine was immediately drained. The Fiber Analyzer was then refilled with hot
water, agitated, and heated until the temperature reached 92ºC. Once that
temperature was reached, the water was drained. This rinse was performed for
a total of three times. Next, three rinses were performed in a procedure identical
to the rinse procedure for NDF. After the final rinse (six rinses in all), the
machine was drained and bags removed. Pressure was again applied to remove
as much moisture as possible, and then bags were soaked in acetone for 5 min,
removed, and pressure applied to remove as much moisture as possible. Bags
were placed under the hood for approximately three h and then placed in 100ºC
oven to dry for 24 h. Samples were then removed and placed in an ANKOM
Technology Corporation MoistureStop Weigh Pouch until equilibrated to room
temperature. Bags were then weighed.
Crude Protein
Crude protein was calculated by the AOAC Official Method 990.03
(Combustion) using a Leco FP2000 Nitrogen Analyzer. In this method, forage
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samples were combusted in pure oxygen at high temperature (1050ºC), thereby
releasing nitrogen. The freed nitrogen was measured by thermal conductivity
detection. Once percent nitrogen was determined, crude protein (CP) was
calculated using the formula: % CP = %N x 6.25.

.
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CHAPTER IV
RESULTS AND DISCUSSION
Animals
During Trial 1, no heifers were removed from the study; however, 11
steers were removed from Trial 2 due to morbidity and mortality. There were 62
animal treatment days in Trial 2 with treatment for respiratory symptoms with
fever and pink eye. Steers treated per treatment were: 21, Control; 19, EndoFighter®, and 22, Prototype.
Forage and Hay Availability and Nutrient Analysis
In Trial 1, approximately 1350 kg/ha was necessary to support ad libitum
intake, based on mean animal weight of 375 kg, dry matter intake of 3% body
weight, and four animals per paddock. Based on that estimation, forage was
sufficient (Table A1). All tables are located in Appendix A. Trial 2 animals
required approximately 1170 kg/ha to support ad libitum intake based on mean
animal weight of 266 kg, dry matter intake of 3% body weight, and four animals
per paddock. Trial 2 forage was not sufficient to support ad libitum intake (Table
A2). During both trials, hay (E+ tall fescue) was available at all times. Although
wasted hay was not measured and therefore data are of interest only, Trial 2 hay
consumption was estimated to be: 2.70 kg/animal/day; 3.86 kg/animal/day; and
3.64 kg/animal/day for Control, Endo-Fighter®, and Prototype, respectively.
Ergovaline Levels
In Trial 1, ergovaline levels were 200 µg/kg or higher in forage and 62 to
87 µg/kg in hay (Table A5). There were no significant differences in ergovaline
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levels between treatments (P > 0.05). Ergovaline levels of 50 µg/kg or higher are
sufficient to produce clinical signs of toxicity in animals subjected to heat stress
(Cornell et al., 1990), consequently animals in Trial 1 consumed sufficient levels
of ergovaline to exhibit tall fescue toxicosis if experiencing sufficient heat stress.
In Trial 2, ergovaline levels did not differ (P > 0.05) among treatments but differed
by time (Table A6). Day 7 ergovaline means were 42.63, 52.98, and 47.34 for
Control, Endo-Fighter®, and Prototype respectively. Day 43 means were 163.97,
144.91, and 158.04 and by trial conclusion were 326.57, 345.26, and 304.74 for
Control, Endo-Fighter®, and Prototype respectively. Initial ergovaline levels were
near the threshold of what is considered to be the level to induce tall fescue
toxicosis in heat-stressed animals (Cornell et al., 1990), and levels increased
throughout the study.
The differences observed in ergovaline concentration between trial years
and during Trial 2 could have been caused by several factors; ergovaline
concentration typically varies seasonally. Rottinghaus and coworkers (1991)
reported ergovaline levels less than 250 µg/kg in late April with levels increasing
by early May and remaining somewhat level throughout summer months.
Additionally many environmental, growth, and crop management factors such as
nitrogen fertilization influence ergovaline concentrations (Arechavaleta et al.,
1992; Hill et al., 1990). Belesky and Hill (1997) reported that alkaloid production
was dependent upon nitrogen as well as total non-structural carbohydrates
(TNC) in the plant and theorized that “regular and intensive” defoliation could
deplete TNC to the level that alkaloid production was limited.
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The growing season during Trial 2 was extremely unusual. For the first
time in USDA history, Tennessee was the only state to have two natural
disasters declared statewide in one growing season. The disasters included the
Easter freeze and then severe drought (worst on record in 118 years). No work
has been done on the effect of a hard freeze on ergovaline levels in tall fescue
after spring growth has already initiated. However, one possible explanation for
the initial low ergovaline levels could be low non-structural carbohydrate reserves
in the plants due to utilization for spring growth, the freeze, and the following
attempt to regrow. Without adequate non-structural carbohydrate reserves,
alkaloid synthesis could be limited. Forage ergovaline levels throughout the
study followed a typical increasing pattern, but the increasing ergovaline levels
occurred later in the crop year due to the initial setback of the hard freeze April 68, 2007. Additionally, drought conditions (such as experienced during Trial 2)
have contributed increased levels of ergovaline (Gwinn and Gavin, 1992).
Temperature
Trials 1 and 2 occurred in two dramatically different climatic periods. Trial
1 commenced in mid August 2006, later in the year as temperatures began to
decline; and Trial 2 began mid-June in 2007 as temperatures began to rise. As
has previously been discussed, a minimum ambient temperature of 32ºC is
regarded as the temperature threshold of sufficient heat stress for livestock to
exhibit tall fescue toxicosis with appropriate ergovaline intake. Thermoneutral air
temperature is 21.0 ± .8ºC.
Trial 1 heifers experienced only minimal heat stress with temperatures of:
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71 d ≤ 31ºC; 10 d 32 - 35ºC; 3 d ≤ 36ºC (Figures B2 and B3). Trial 2 steers
experienced extreme heat stress with temperatures of: 11 d ≤ 31ºC; 44 d 32 35ºC; 11 d ≤ 36ºC (Figures B4 and B5). Additionally, 2007 was a recordbreaking year in regard to high ambient temperatures and drought.
In order to better understand the heat stress experienced by animals
during the trials, the Livestock Comfort Index (LCI) which includes dry bulb
temperature and relative humidity in heat stress equation, was calculated
(NOAA, 1976). Trial 1 had 10 d in the “alert” category and 5 d in the “danger”
category. Trial 2 had 56 d in the “alert” category and 18 days in the “danger”
category, a total of 74 days above normal heat stress (Tables A7 and A8).
Mineral Intake
The ADM Alliance Nutrition product label information recommends a hand
feeding rate of 4 oz/animal/d, or 113.4 g/animal/d. Mineral consumption was
monitored approximately every 14 d. No significant differences in intake were
observed between treatments (P > 0.05); LS Means were 49.02, 40.95, and
57.13 kg for Control, Endo-Fighter®, and Prototype paddocks respectively (Table
A9). Mineral consumption was different at P = 0.0837 between Endo-Fighter®
and Prototype. Heifers in Trial 1 consumed more than the recommended rate;
170, 121.9, and 146 g/heifer/d for Control, Endo-Fighter®, and Prototype,
respectively. Intake by steers in trial 2 was also sufficient, with 135, 147 and 116
g/steer/d consumed for Control, Endo-Fighter®, and Prototype respectively.
There were no significant differences in intake between treatments (Table A9).
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Behavior
Animal behavior was analyzed by creation of a contingency table for
animal behavior in each trial (PROC FREQ in SAS). No significant differences in
heifer behavior were found among treatments in Trial 1 (Table A10). Trial 2
exhibited significant differences in steer behavior among treatments at 700 and
1230 h; however, very little of the differences were in grazing behavior (Table
A11). Table A12 summarizes contributions to the Chi Square for 700 h
behaviors, and Table A13 summarizes contributions for 1230 h behaviors. Most
of the Chi Square contribution came from the time of day water intake occurred,
with the largest contribution from Endo-Fighter® at 700 h and from control at
1230 h. Increased water usage by steers grazing E+ pastures has been
documented; and it has been hypothesized that increased intake is due to heat
stress and/or excessive salivation (Parish et al., 2003b; Stuedemann and
Hoveland, 1988). Although water intake was not measured in Trial 1 or 2, the
differences in observed behavior may suggest treatment differences in the
decreased heat tolerance and/or increased salivation commonly observed with
tall fescue toxicosis.
Average Daily Gain, Body Condition and Hair Coat Scores
In both trials (Tables A14 and A15), there were no differences in animal
initial weights across treatments or in animal final weights (P > 0.05), and
differences in ADG across treatments were not significant (P > 0.05). However,
there were significant differences in ADG by time (P < 0.05) in Trial 1 and Trial 2.
Trial 1 ADG (kg) was: 0.92a, 0.16c, 0.58b for Periods 1, 2, and 3, respectively (P <
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0.05). Trial 2 ADG was: -0.06c, 0.99a, 0.93a, 0.45b for Period 1, 2, 3, and 4,
respectively.
Body condition scores and hair coat scores (Tables A16 – A19) were not
different among treatments (P > 0.05) in either trial. Hair coat scores in Trial 1
were much lower than those in Trial 2. Hair coat scores in Trial 1 indicated only
marginal toxicosis where those in Trial 2 indicated more severe toxicosis.
Serum Prolactin
Animal prolactin levels (Table A20 and A21) were not significantly affected
by the feeding of Endo-Fighter® or Prototype in Trial 1 or Trial 2 (P > 0.05).
However, there were significant differences in serum prolactin levels by time (P <
0.05) in Trial 2. Trial 2 serum prolactin LS means were: 18.97b; 45.14a; 7.57c;
and 4.42c for d 21, 42, 64, and 84, respectively (P < 0.05).
Initial serum prolactin levels were taken and recorded to determine no
differences among treatments existed at trial onset. The initial elevated serum
prolactin levels observed in both trials were most likely a response to stress as
cattle were sorted and processed to begin the trial.
Prolactin levels are commonly used to diagnose tall fescue toxicosis with
animals having reduced prolactin levels during the spring and summer (Bond and
Bolt, 1986; Elsasser and Bolt, 1987; Hurley et al., 1980; Paterson et al., 1995;
Porter and Thompson, 1992). Generally, serum prolactin basal level
concentration is increased by lengthening photoperiod with highest secretion
during late spring and early summer. Additionally, serum prolactin levels have
been shown to change linearly with ambient temperatures; increasing with
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increasing ambient temperatures and decreasing as ambient temperatures
decreased from 21 to 4.5ºC (Tucker and Wettemann, 1976).
Conclusion
The feeding of Endo-Fighter® or Prototype did not significantly affect
ADG, serum prolactin levels, BCS, or HCS among treatments in Trial 1 or Trial 2.
The two trials were conducted in dramatically different climatic periods. Trial 1
was conducted during a time of relatively low heat stress and adequate forage
availability. Trial 2 steers experienced high levels of heat stress during a drought
with low forage availability, and it is questionable that the steers reached an
expected ad libitum intake of 2.5% BW.
It is possible that during Trial 1 heifers did not experience sufficient heat
stress for tall fescue toxicosis to be an issue. It is also possible that Trial 2 steers
experienced such extreme environmental stress that those factors more than
fixed effects (as is evident in differences by time, Table A25), prevented any
observable significant treatment differences. A trend was observed in prolactin
levels at days 21 and 42 of the trial before environmental conditions worsened,
and behavior differences in time of water intake were observed between
treatments.
No significant differences in animal performance, hair scores, body
condition scores, or serum prolactin levels between treatments were observed.
Therefore, the feeding of Endo-Fighter® under the conditions of these trials did
not appear to reduce signs or severity of tall fescue toxicosis.
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APPENDIX A
TABLES

Table A 1. Trial 1 pasture forage availability least squares means
________________________________________________________________
Pasture available forage, kg/ha
Treatment
D 1a
D 29a
D 58a
D 86a
c
b
b
Control
1721.78
1605.49
1559.03
830.60b
Endo-Fighter®
2313.28b
1837.62b
1642.83b
983.91b
bc
b
b
Prototype
1738.14
1537.21
1315.40
907.71b
a
Day of trial.
bc
Means within day of trial not sharing the same superscript differ, P < 0.05.

Table A 2. Trial 2 pasture forage availability least squares means
________________________________________________________________
Pasture available forage, kg/ha
Treatment
D 0a
D 28a
D 56a
D 84a
b
b
b
Control
807.34
995.64
395.29
315.99b
Endo-Fighter®
943.06b
972.94b
435.73b
371.66b
b
b
b
Prototype
708.53
783.27
341.03
332.35b
a
Day of trial.
b
Means within day of trial not sharing the same superscript differ, P < 0.05.
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Table A 3. Trial 1 forage and hay nutrient analysisa least squares means by treatment
________________________________________________________________________________________________
Treatment

Forage
Hay
NDF
ADF
Ash
CP
TDNb
NDF
ADF
Ash
CP
c
c
c
c
c
c
c
c
Control
65.95
31.49
7.69
13.22
67.26
74.46
38.51
7.11
11.63c
Endo-Fighter®
66.42c
32.00c
7.40c 13.31c
66.70c
74.44c
39.08c 7.54c 11.33c
c
c
c
c
c
c
Control
65.57
31.67
7.66
13.40
67.06
74.12
39.72c 7.26c 11.14c
a
Nutrients presented on DM basis.
b
Estimated TDN formula: (89.796 * (1.085-(0.0124 * ADF))) + 4.898, University of Tennessee Soil, Plant, and Pest
Center.
c
Means within nutrient with no common letter differ, P > 0.05.

TDNb
59.44c
58.81c
58.10c

Table A 4. Trial 2 forage and hay nutrient analysisa least squares means by treatment
________________________________________________________________________________________________
Treatment

Forage
Hay
NDF
ADF
Ash
CP
TDNb
NDF
ADF
Ash
CP
TDNb
c
c
c
c
c
c
c
c
c
Control
61.07
32.00
10.25
13.47
66.69
63.59
32.47
5.49
12.61 66.17c
Endo-Fighter®
60.00c
31.55c 10.41c 13.87c
67.19c
61.91c
31.32c 6.52c
13.41c 67.46c
c
c
c
c
c
c
c
c
Prototype
59.79
31.44
10.28
14.20
67.31
63.14
31.68
5.31
12.62c 67.05c
a
Nutrients presented on DM basis.
b
Estimated TDN formula: (89.796 * (1.085-(0.0124 * ADF))) + 4.898, University of Tennessee Soil, Plant, and Pest
Center.
c
Means within nutrient with no common letter differ, P > 0.05.
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Table A 5. Trial 1 forage and hay ergovaline (µg/kg) least squares means
________________________________________________________________
Forage
Hay
a
a
a
Treatment
D2
D 48
D 85
Control
222.00b
303.00b
243.00b
87b
238.00b

Endo-Fighter®

276.00b

227.00b

62b

Prototype
200.00b
256.00b
240.00b
85b
a
Day of trial.
b
Means within day of trial or hay not sharing same superscript differ, P > 0.05.

Table A 6. Trial 2 forage & hay ergovaline (µg/kg) least squares means
________________________________________________________________
Forage
Hay
a
a
a
Treatment
D7
D 43
D 100
Control

42.63b

163.97b

326.57b

141.49b

Endo-Fighter®

52.98b

144.91b

345.26b

120.51b

Prototype
47.34b
158.04b
304.74b
125.63b
a
Day of trial.
b
Means within trial day and hay not sharing same superscript differ, P > 0.05.

Table A 7. Trial 1 number of days of Livestock Comfort Indexa (LCI) and
stress category (8/24 – 11/17)
________________________________________________________________
No. of
Days
LCIa
Stress Categoryc
69b
< 75
Normal
10
75 - 78
Alert
5
79-83
Danger
a
Livestock Comfort Index, calculated as LCI=td-(.55-.55RH)(td-58). td is dry bulb
temperature (ºF), and RH is relative humidity expressed in decimal form (NOAA,
1976).
b
23 days, Temps < 28º C, LCI < 67.
c
Stress categories: Normal < 75; Alert 75 – 78; Danger 79 – 83; Emergency >
83.
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Table A 8. Trial 1 number of days of Livestock Comfort Indexa (LCI) and
stress category (6/14 – 9/7)
________________________________________________________________
No. of
Days
LCIb
Stress Categoryb
12
< 75
Normal
56
75 – 78
Alert
18
79 – 83
Danger
a
Livestock Comfort Index, calculated as LCI=td-(.55-.55RH)(td-58). td is dry bulb
temperature (ºF), and RH is relative humidity expressed in decimal form (NOAA,
1976).
b
Stress categories: Normal < 75; Alert 75 – 78; Danger 79 – 83; Emergency >
83.

Table A 9. Trial 1 and 2 mineral consumption per pasture (kg) least
squares
________________________________________________________________
Treatment

Trial 1

Trial 2

Control

57.13a

44.78a

Endo-Fighter®

40.05a

49.53a

Prototype
49.02a
a
Means with no common letter within trial differ, P > 0.05.

38.00a

Table A 10. Trial 1 behaviora Chi Square and significance
________________________________________________________________
Time of Day
Chi Square
Prob
900

12.72

0.39

1230

14.50

0.15

1500
15.24
0.23
a
Behavior monitored approximately every 14 days at 900, 1230, and 1500.
Behavior scores were LS (lying, shade), SS (standing, shade), M (mineral
feeder), H (hay feeder), G (grazing), and W (water). There were no significant
differences in behavior (P > 0.05).
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Table A 11. Trial 2 behaviora Chi Square and significance
________________________________________________________________
Time of Day
Chi Square
Prob
700

26.58

0.0089

1230

21.31

0.0064

1500
14.40
0.1556
a
Behavior monitored approximately every 14 days at 900, 1230, and 1500.
Behavior scores were LS (lying, shade), SS (standing, shade), M (mineral
feeder), H (hay feeder), G (grazing), and W (water). There were no significant
differences in behavior (P > 0.05).

Table A 12. Trial 2 behaviora contribution to Chi Square at 700
________________________________________________________________
Treatment
Behavior
EndoProtocontribution
Behavior
Control
Fighter®
type
to chi sq.
Grazing
0.12
0.03
0.28
0.44
Hay
2.93
3.58
0.12
6.64
Lying-Sun
0.38
0.66
2.13
3.17
Lying-Shade
0.41
0.39
1.66
2.47
Mineral
0.29
0.12
0.02
0.44
Standing-Shade 0.65
0.23
0.08
0.96
Water
3.33
7.76
1.41
12.50
a
Behavior monitored approximately every 14 days at 700, 1230, and 1500.
Behavior scores were LS (lying, shade), SS (standing, shade), M (mineral
feeder), H (hay feeder), G (grazing), and W (water).

63

Table A 13. Trial 2 behaviora contribution to Chi Square at 1230
________________________________________________________________
Treatment
Behavior
EndoProtocontribution
Behavior
Control
Fighter®
type
to chi sq.
Grazing
0.61
2.29
0.72
3.63
Hay
1.57
0.37
0.33
2.27
Lying-Sun
0
0
0
0
Lying-Shade
1.39
0.77
0.04
2.21
Mineral
0
0
0
0
Standing-Shade 1.90
2.19
0.06
0.06
Water
6.29
1.47
1.31
9.07
a
Behavior monitored approximately every 14 days at 700, 1230, and 1500.
Behavior scores were LS (lying, shade), SS (standing, shade), M (mineral
feeder), H (hay feeder), G (grazing), and W (water).
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Table A 14. Trial 1 initial and final weights and average daily gain (ADGa) least squares means by period
_________________________________________________________________________________________________
Initial
Treatment _______weight

Final
weight

Period 1
ADG

Period 2
ADG

Period 3
ADG

Trial
ADG

Control

327.00b

379.55b

0.93b

0.15b

0.71b

0.60b

Endo-Fighter®

319.73b

369.00b

0.94b

0.24b

0.50b

0.56b

Prototype
324.18b
367.89b
0.88b
0.09b
0.51b
0.49b
a
ADG calculated as (EW – IW)/d; where EW is ending weight for period; IW is initial weight for period; and d is days in
period.
b
Means within initial weight, final weight, period, or trial with no common letter differ, P < 0.05.

Table A 15. Trial 2 initial and final weights and average daily gain (ADGa) least squares means by period
_________________________________________________________________________________________________
Initial
Final
Period 1
Period 2
Period 3
Period 4
Trial
Treatment
Weight
Weight
ADG
ADG
ADG
ADG
ADG
Control

266.98b

268.44b

Endo-Fighter®

265.03b

265.08b

0.006b
-0.27b

0.93b

0.95b

0.50b

0.61b

0.94b

1.02b

0.54b

0.57b

Prototype
268.94b
269.93b
-0.04ab
1.02a
0.83b
0.44b
0.56b
a
ADG calculated as (EW – IW)/d; where EW is ending weight for period; IW is initial weight for period; and d is days in
period.
b
Means within initial weight, final weight, period, or trial with no common letter differ, P < 0.05.
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Table A 16. Trial 1 body condition scorea least squares means
________________________________________________________________
Periodb
Treatment
Initial
1
2
3
Control

4.74c

4.93c

4.78c

4.99c

Endo-Fighter®

4.68c

4.80c

4.77c

4.80c

Prototype
4.77c
4.95c
4.82c
4.99c
a
Body Condition Score, 1-9 system for cattle: 1 = emaciated; and 9 = obese
(Richards et al., 1986).
b
Periods 1 = d 1 – 28; 2 = d 29 – 56; 3 = d 57 - 84
c
Means within initial or period with no common letter differ, P > 0.05.

Table A 17. Trial 2 body condition scorea least squares means
________________________________________________________________
Periodb
Treatment
Initial
1
2
3
4
Control

4.85c

4.86c

4.25c

3.92c

3.99c

Endo-Fighter®

4.67c

4.88c

4.38c

4.04c

4.14c

Prototype
4.78c
4.91c
4.39c
4.00c
4.06c
a
Body Condition Score, 1-9 system for cattle: 1 = emaciated; and 9 = obese
(Richards et al., 1986).
b
Periods 1 = d 1 – 21; 2 = d 22 – 42; 3 = d 43 – 63; 4 = d 64 – 84
c
Means within initial or period with no common letter differ, P > 0.05.
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Table A 18. Trial 1 hair coat scorea least squares means by treatment and
periodb
________________________________________________________________
Period
Treatment
Initial
1
2
3
Control

1.44c

1.41c

1.80c

1.54c

Endo-Fighter®

1.48c

1.45c

1.80c

1.54c

Prototype
1.61c
1.35c
1.65c
1.43c
a
Hair Coat Score, 1-5 system for cattle with 1 = slick, shiny with no retention of
old hair; 2 = < 25% of body covered with old, unshed hair; 3 = 25 - 50% of body
covered with old, unshed hair; 4 = 50 to 75% of body covered with old, unshed
hair; 5 = muddy, dirty coat, evidence of having deliberately lain in mud, > 50% of
body covered with old, unshed hair (Saker et al., 2001).
b
Periods 1 = d 1 – 28; 2 = d 29 – 56; 3 = d 57 – 84.
c
Means within day with no common letter differ, P > 0.05.

Table A 19. Trial 2 hair coat scorea least squares means by treatment and
periodb
________________________________________________________________
Period
3

Treatment

Initial

1

2

4

Control

2.96c

2.63c

2.77c

2.90c

2.81c

Endo-Fighter®

2.72c

2.62c

2.71c

2.59c

2.45c

Prototype
2.96c
2.74c
2.88c
2.76c
2.65c
a
Hair Coat Score, 1-5 system for cattle with 1 = slick, shiny with no retention of
old hair; 2 = < 25% of body covered with old, unshed hair; 3 = 25 - 50% of body
covered with old, unshed hair; 4 = 50 to 75% of body covered with old, unshed
hair; 5 = muddy, dirty coat, evidence of having deliberately lain in mud, > 50% of
body covered with old, unshed hair (Saker et al., 2001).
b
Periods 1 = d 1 – 21; 2 = d 22 – 42; 3 = d 43 – 63; 4 = d 64 – 84.
c
Means within day with no common letter differ, P > 0.05.
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Table A 20. Trial 1 animal serum prolactin (ng/mL) least squares means
________________________________________________________________
Day of trial
Treatment____________ D 1
D 29
D 57
D 85______
Control
227.34a
10.39a
5.83a
16.68a
Endo-Fighter®

155.69a

10.00a

4.97a

Prototype
250.28a
13.81a
5.52a
a
Means within day of trial with no common letter differ, P < 0.05.

5.85a
6.37a

Table A 21. Trial 2 animal serum prolactin (ng/mL) least squares means
________________________________________________________________
Day of trial
Treatment
D0
D 21
D 42
D 64
D 85
a
b
b
a
Control
107.96
10.10
30.85
7.28
4.18a
Endo-Fighter®

131.99a

25.97a

58.91a

5.45a

4.93a

Prototype
112.46a
21.16ab
45.60ab 7.65a
4.16a
a,b
Means within trial days 0, 64, and 85 not sharing same superscript differ, P >
0.05. D 21: Means with no common letter differ, P = 0.09. D 42: Means with no
common letter differ, P = 0.12.
c,d,e
Trial days not sharing same superscript differ, P < 0.05.
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APPENDIX B
FIGURES

ADM Alliance Nutrition®

MasterGain® 12-6 Endo-Fighter®
Mineral with WeatherMaster®

53315AAA
A Mineral Supplement for Beef Cattle on Pasture
GUARANTEED ANALYSIS
Calcium (Ca), Min. ............. 12.7% Max. ....................... 15.2%
Phosphorus (P), Min. ....................................................... . 6.0%
Salt (NaCl), Min. ................... 9.5% Max. ....................... 11.4%
Magnesium (Mg), Min. ....................................................... 1.0%
Potassium (K), Min. .......................................................... 2.25%
Cobalt (Co) Min................................................................40 ppm
Copper (Cu), Min. ......................................................3,000 ppm
Iodine (I), Min...................................................................98 ppm
Manganese (Mn)..........................................................2900 ppm
Selenium (Se), Min. ........................................................20 ppm
Zinc (Zn), Min. ............................................................6,000 ppm
Vitamin A, Min. .........................................225,000 IU per pound
Vitamin D, Min.............................................45,000 IU per pound
Vitamin E, Min...............................................2,600 IU per pound
INGREDIENTS
Monocalcium Phosphate, Dicalcium Phosphate, Calcium
Carbonate, Salt, Plant Protein Products, Extracted Citric Acid
Presscake, Potassium Chloride, Maize Syrup, Hydrated Sodium
Calcium Aluminosilicate, Natural and Artificial Flavors, Zinc
Amino Acid Complex, Manganese Amino Acid Complex, Copper
Amino Acid Complex, Cobalt Glucoheptonate, Vegetable Oil,
Magnesium Oxide, Vitamin E Supplement, Copper Sulfate, Iron
Oxide, Zinc Oxide, Manganous Oxide, Vitamin A Supplement,
Vitamin D3 Supplement, Mineral Oil, Sodium Bentonite, Sodium
Selenite, Ethylenediamine Dihydriodide.
FEEDING DIRECTIONS
Feed this product at the rate of 4 ounces per head per day.
Provide clean, fresh water at all times.
CAUTION: Consumption of this product by sheep and goats
may result in copper toxicity.
35107

ADM Alliance Nutrition, Inc.
Quincy, IL 62305-3115

Net Weight 50 lb (22.67 kg) Or As Invoiced

Feature: Citristim®, an ADM proprietary feed ingredient, which is a source of
mannan oligosaccharides (MOS) and beta glucans. Researchers have
demonstrated MOS can have a beneficial impact on animal growth and health by
binding pathogenic gut bacteria.
Figure B 1. Endo-Fighter® ingredients
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Threshold temperature for tall fescue toxicosis

Figure B 2. Trial 1 daily high ambient temperature compared to threshold
temperature for tall fescue toxicosis
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a

Livestock Comfort Index, calculated as LCI=td-(.55-.55RH)(td-58). td is dry bulb
temperature (ºF), and RH is relative humidity expressed in decimal form. Stress
categories: Normal < 75; Alert 75 – 78; Danger 79 – 83; Emergency > 83
(NOAA, 1976).

Figure B 3. Trial 1 daily Livestock Comfort Index data
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Threshold temperature for tall fescue toxicosis given sufficient alkaloid intake.

Figure B 4. daily high ambient temperature compared to threshold
temperature for tall fescue toxicosis
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Livestock Comfort Index, calculated as LCI=td-(.55-.55RH)(td-58). td is dry bulb
temperature (ºF), and RH is relative humidity expressed in decimal form. Stress
categories: Normal < 75; Alert 75 – 78; Danger 79 – 83; Emergency > 83
(NOAA, 1976).

Figure B 5. Trial 2 daily Livestock Comfort Index data
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